The problems caused by suspended sediment overloading in open channels are of great importance to the hydraulic engineers. One of the important problems caused by the sediment overloading during flood seasons is the change in bed level and corresponding water level of rivers due to its deposition on the river bed. At the upstream reaches, the bed slope is high, velocity is high and hence the rivers carry large amount of sediment during flood seasons.
1-Introduction:
Many hydraulic engineering projects concern the control of sedimentation. For some large engineering projects, such as construction of a navigation channel over many kilometers in a shallow estuary, comprehensive control of sedimentation is extremely costly.
Slope-channel coupling and in-channel sediment storage can be important factors that influence sediment delivery through catchments. Sediment budgets offer an appropriate means to assess the role of these factors by quantifying the various components in the catchment sediment transfer system. When a sediment beach covered by stones or an armor layer is exposed to breaking waves, the turbulence generated by the breaking waves can cause mobilization and removal of the sediment underneath the stones.
Sedimentation in dams, rivers, estuaries, and coastal regions has important environmental and economic influences. Different researches studied the sediment transport and control in open channels. Zhu et al. (1999) presented an optimal-control model of sedimentation. The model contains the determination of optimal location and scheduling of dredging to minimize the total cost and to obtain a channel where water depths are not less than specified values.
The system governing equations which were used in the model are: Barkdoll and Ettema (1999) determined the limits to which submerged vanes can be used in preventing excessive bed-sediment ingestion into lateral diversions of flow from alluvial channels , by a laboratory flume experiments. The experiments showed that a scheme of submerged vanes placed at the diversion entrance admits only a negligible rate of bed -sediment entry into the diversion when the ratio of unit discharge in the diversion to that in the main channel is less than about (0.2). Beyond this value, the effectiveness of the vanes diminishes. Nino (2002) developed a simple theory to account for the observed downstream variation of the median sediment size in chilean rivers based on a reach-wise equilibrium sediment transport concept. The theory make use of a bed load transport equation , linked with a resistance equation to estimate the median sediment diameter as a function of channel slope with the flow Reynolds number and bed load concentration as parameters. The formulas which were used in this research are Meyer-Peter , Muller's , ackers and white's formulas. The resulting model was validated against field data corresponding to (150) rivers in Central Chile, covering slopes in the range of (0.04-8.61%), with median sediment size in the range of (0.3-250) mm.
2-Theoretical Analysis:
The erosion, deposition, and transport of sediment by water arise in a variety of situations with engineering implications. Erosion must be considered in the design of stable channels or the design for local scour around bridge piers. Re-suspension of possibly contaminated bottom sediments have consequences for water quality. Deposition is often undesirable since it may hinder the operation, or shorten the working life, of hydraulic structures or navigational channels. Sediment traps are specifically designed to promote the deposition of suspended material to minimize their downstream impact, e.g., on cooling water inlet works, or in water treatment plants. A large literature exists on approaches to problems involving sediment transport; the following can only introduce the basic concepts in summary fashion.
It is oriented primarily to applications in steady uniform flows in a sand-bed channel; problems involving flow non-uniformity, unsteadiness, and gravel-beds, are only briefly mentioned and coastal processes are treated in the section on coastal engineering. Cohesive sediments, for which physic-chemical attractive forces may lead to the aggregation of particles, are not considered at all. The finer fractions (clays and silts) that are susceptible to aggregation are found more in estuarial and coastal shelf (Lyn, 2003) .
2.1-The Characteristics of Sediment

 Density, Size, and Shape
The exact shape of a sediment particle is not spherical, and so a compact specification of its geometry or size is not feasible. Two practical measures of grain size are: (i) the sedimentation or aerodynamic diameterthe diameter of the sphere of the same material with the same fall velocity (ws) , under the same conditions, and (ii) the sieve diameterthe length of a side of the square sieve opening through which the particle will just pass. Because size determination is most often performed with sieves, the available data for sediment size usually refer to the sieve diameter, which is taken to be the geometric mean of the adjacent sieve meshes, i.e., the mesh size through which the particle has passed, and the mesh size at which the particle is retained. The sedimentation diameter is related empirically to the sieve diameter by means of a shape factor, S.F., which increases from 0 to 1 as the particle becomes more spherical (for well-worn sand, S.F.  0.7) (Zhu,J et al,1999) ..
 Size Distribution
Naturally occurring sediment samples exhibit a range of grain diameters. A characteristic diameter, da, may be defined in terms of the percent, a by weight of the sample that is smaller than da. Thus, for a sample with d 84 = 0.35 mm, 84% by weight of the sample is less than 0.35 mm in diameter. The median size is denoted as d 50 .  Fall (or Settling) Velocity
The terminal velocity of a particle falling alone through a stagnant fluid of infinite extent is called its fall or settling velocity, w s . The standard drag curve for a spherical particle provides a relationship between d and w.  Angle of Repose
The angle of repose of a sediment particle is important in describing the initiation of its motion and hence sediment erosion of an inclined surface, such as a stream bank. It is defined as the angle,q,at which the particle is just in equilibrium with respect to sliding due to gravitational forces.
2.2-Sediment Transport
Three modes of sediment transport are distinguished: wash load, suspended load, and bed load. Wash load refers to very fine suspended material, e.g., silt, that because of their very small fall velocities, interacts little with the bed. It will not be further considered since it is determined by upstream supply conditions rather than by local hydraulic parameters. Suspended load refers to material that is transported downstream primarily in suspension far from the bed, but which because of sedimentation and turbulent mixing still interacts significantly with the bed. Finally, bed load refers to material that remains generally close to the bed in the bed-load region, being transported mainly through rolling or in short hops (termed saltation). The relative importance of the two modes of sediment transport may be roughly inferred from the ratio of settling velocity to shear velocity, ws/u*. For w s /u* < 0.5, suspended load transport is likely dominant, while for ws/u* > 1.5, bed-load transport is likely dominant(Lyn,D.A.,2003).
3-Measurement of Sediment Transport
In addition to, and contributing to, the difficulties in describing and predicting accurately sediment transport, total load measurements, particularly in the field, are associated with much uncertainty. Natural alluvial channels may exhibit a high degree of spatial and temporal nonuniformities, which are not specifically considered in the ‗averaged' models discussed above. Standard methods of suspended load measurements in streams include the use of depth-integrating samplers that collect a continuous sample as they are lowered at a constant rate (depending on stream velocity) into the stream, and the use of point integrating samplers that incorporate a valve mechanism to restrict sampling, if desired, to selected points or intervals in the water column. Such sampling assumes that the sampler is aligned with a dominant flow direction, and that the velocity at the sampler intake is equal to the stream velocity.
In the vicinity of a dune-covered bed, these conditions cannot be fulfilled. The finite size of the suspended load samplers implies that they cannot measure the bedload discharge, which must therefore be measured with a different sampler or estimated with a bedload model.
The study of Cheng and Chiew (1998) presented a theoretical derivation for a new pickup probability formulation for sediment transport. Sand particles were assumed to be subjected to a hydraulically rough flow. The derived equation compares well with the experimental data found in published literature. Using the proposed relation, the Shields criterion for the definition of the threshold condition for sediment transport is equivalent to 0.6% of the pickup probability.
Results from five physical hydraulic model studies of riverside water intakes situated along the Missouri River reach between Sioux City, Iowa, and St. Louis, Missouri, were presented by Nakato et al. (1998) . Movable-bed, undistorted Froude-scale models were used to determine the effectiveness of structural modifications in the vicinity of the intake to limit the influx of bed-load sediments. Solutions developed in each case included a series of submerged flow-turning vanes located on the riverward side of the intake. A sediment-barrier wall between the vanes and intake increases the stream wise velocity component, enhancing the effectiveness of flow-turning vanes in maintaining a deep scour trench. Effective solutions determined using physical hydraulic models were verified at the prototype scale, as demonstrated by years of trouble-free operation at locations where the recommended sediment-control measures have been installed. Results presented provided design guidelines for bed load sediment control at riverside water-intake structures on sand-bed rivers.
Although a one-dimensional (1D) mathematical model based on the nonequilibrium transport of sediment is rational in principle, its application to rivers requires empirical determination of a key coefficient in the basic equation of transport, this is known as the adjustment coefficient. It also requires, as all ID models do, empirical and rather arbitrary apportioning of the computed total scour or deposition to the wetted perimeter. An attempt was made by Zhou and Lin (1998) to avoid both. The equation of sediment transport was written for a vertical stream tube of infinitesimal width for which the adjustment coefficient has been rationally determined. A procedure of lateral integration was then applied to obtain the global values of the said coefficient for the entire cross section and the distribution of deposition/erosion to the wetted perimeter. The shape of the cross section is thus determined along with the amount of deposition/erosion. Results obtained with this model compare favorably with those of depth-integrated two-dimensional (2D) computations and physical model testing, both carried out for the dam neighborhood of the Three Gorges Project.
An optimal-control approach was presented by Zhu et al. (1999) . It determines optimal locations and scheduling of dredging to minimize total cost and to obtain a channel where water depths are not less than specified values. The optimal-control problem is formulated and a method was developed. The optimization problem was solved by the conjugate gradient method, and the gradient of the cost function was calculated by solving the adjoint problem. A simulation study was conducted using a 2D numerical model to demonstrate the method. Barkdoll and Ettema (1999) presented the findings of laboratory flume experiments conducted to determine the limits to which submerged vanes can be used in preventing excessive bed-sediment ingestion into lateral diversions of flow from alluvial channels. The sediment-control performance of the vanes can be enhanced in several ways. One enhancement is the use of a skimming wall in conjunction with the vanes. The wall and the vanes are effective for values of q r up to about 0.3. Another enhancement was to widen the diversion entrance such that, at the entrance, q r does not exceed about 0.3. Further potential enhancements (modified vane shape, uniformity of flow distribution into the diversion, and increased flow velocity into the diversion) were found not to be effective. The findings are supported by observations of flow and bed-sediment behavior at a flumescale diversion.
Sumer et al. (2001) presented the results of an experimental investigation on suction removal of sediment from between armor blocks/stones placed on a loose bed. The process of suction has been investigated. It was found that the vortices that form in the holes between the armor blocks are key to the process. The sediment swept into these vortices is entrained into the main body of the flow by these same vortices (the suction removal of sediment from between the armor blocks). The critical condition for the onset of suction was determined. It was found that the onset of suction is governed by two parameters: (1) the Shields parameter (based on the sediment size); and (2) the ratio of sediment size to stone size, d/D.
The stability of randomly deposited sediment beds was examined by McEwan and Heald (2001) using a discrete particle model in which individual grains are represented by spheres. The results indicated that the threshold shear stress for flat beds consisting of cohesionless uniformly sized grains cannot be adequately described by a single-valued parameter; rather, it is best represented by a distribution of values. Physically, this result stems from the localized heterogeneity in the arrangement of surface grains. For uniformly sized beds, geometric similarity exists such that the critical entrainment shear stress distributions scale directly with grain size. A Shields parameter of 0.06 is commonly used to define ‗‗threshold conditions,'' and it was found that this corresponds to a point on the distributions where approximately 1.4% by weight of the surface is mobile.
A simple theory was developed by Nino (2002) to account for the observed downstream variation of the median sediment size in Chilean rivers based on a reach-wise equilibrium sediment transport concept. The theory makes use of a bed-load transport equation linked with a resistance equation to estimate the median sediment diameter as a function of channel slope, with the flow Reynolds number and bed-load concentration as parameters. Both, Meyer-Peter and Mu¨ller's and Ackers and White's formulas are used alternatively as bed-load equations. A Manning-Strickler type of formulation was used as a resistance relationship. The resulting model was validated against field data corresponding to 150 rivers in Central Chile, covering slopes in the range of 0.04-8.61%, with median sediment size in the range of 0.3-250 mm. Despite the simplicity of the theory and the somewhat bold assumptions made in its derivation, the estimated variation of the median sediment size with channel slope follows the same trend as the field data. Most of the scatter of these data falls within the theoretical limits given by the estimated range of values of the parameters of the model.
Experimental results on sediment removal efficiency of vortex chamber type sediment extractors were reported by Athar et al. (2002) . A geometric configuration of the extractor was identified that is able to remove even the fine sediment (0.055 < d < 0.22 mm) from flow with high efficiency. For the purpose of analysis, the experimental data of present study were compiled with the data from other laboratories and the field that were collected previously by other investigators. Since the existing relations were not found to produce satisfactory results, a new relationship was developed for determination of the sediment removal efficiency of the vortex chamber type sediment extractors.
A steady, two-dimensional numerical model was created by Naser et al. (2005) to study the hydrodynamics of a rectangular sedimentation basin under turbulent conditions. The strip integral method was used to formulate the flow equations, using a forward marching scheme for solving the governing partial differential equations of continuity, momentum, advection-diffusion, turbulent kinetic energy, and its dissipation. In this way the flow equations were converted to a set of ordinary differential equations in terms of the key physical parameters. These parameters, along with a set of shape functions, describe flow variables including the velocity, the concentration of suspended sediments, and both the kinetic energy and its dissipation rate. Four Gaussian distributions were investigated, one corresponding to each flow parameter. In order to calculate the turbulent shear stresses, a two-equation turbulence model (i.e., k- model) was used. A fourth order Runge-Kutta method numerically integrates the set of ODEs. Simulation results were compared with experimental data, and close agreement (generally within 5-10%) was observed.
Gopakumar and Jesuraj (2012) dealt with development of a new mathematical model to simulate non-equilibrium transport of suspended sediment in open channels, with special emphasis on sediment overloading. Equilibrium transport of bed sediment was also included. Sources of the suspended sediment were from the catchment (such as construction sites, mining areas etc.). This sediment was brought into rivers and canals by flowing rainwater.
Its overloading can result in large changes in bed and water levels of the rivers and also in heavy silting of the canal beds. A new mathematical model to simulate this effect was derived based on the control volume approach. The model was tested using data available in literature and results were found satisfactory. The developed model was then applied to a hypothetical flood and sediment routing problem in a river and analyses of the results were given.
4-Laboratory Works:
In the present work, eighty one experiments on the laboratory open-channel of cross-section dimensions (20*50) cm and (10) m long as shown in Photograph 1. Each test is repeated three times and the average value for sediment concentration is calculated. The experiments include using sharp crested weir in the last third part of the channel. Three heights of weir are used; namely half width of channel (B), equal the width, and 1.5 times the width of channel). Also three bed slopes of the channel are used; namely 0.015, 0.0225, and 0.03.
In all experiments, the values of discharge are limited between 100 and 300 l/min.
The concentration of suspended sediment is measured upstream and downstream the weir through each experiment to calculate the sediment reduction ratio (SRR%) as follows: 
5-Discussion and Analysis of Results:
Three variables are studied in this research which are the weir height, the slope of channel bed, and the discharge. To study their effect on the efficiency of weir in sediment removal, the sediment reduction ratio (SRR%) is measured. It was noted that (SRR%) increases with the increase of weir height , but decreases while the channel bed slope increases as shown in Figure 1 . The figure shows that (SRR%) reaches about (63%) at channel bed slope (0.015) and weir height (1.5B) where (B) is the width of channel.
The results coincide with the principles of hydraulics of flow which state that with increasing the slope of the channel bed, the flow velocity increases which causes to lift the particles through water depth and reduce the probability of sediment trapping. The figure shows also that (SRR%) increases with the increasing of the weir height due to the same reason .
The results for other values of discharge revealed the same relations shown in Figure 1 for discharge (100 l/min) and these results are illustrated in Figures 2 and 3 for discharge 200 and 300 l/min., respectively. Figures 4, 5 and 6 show the variation of (SRR%) with the discharge for three channel bed slopes and weir heights. It is noted that when the discharge is greater than (100 l/min), the highest values of (SRR%) are obtained for the three slopes and at weir height (1.5B) as shown in Figure 6 . The figures also show that the differences between the values of (SRR%) for discharges (100 l/min) and (200 l/min) are not significant, then the (300 l/min) is the discharge suitable to provide acceptable (SRR%). In Figure7, the variation of sediment reduction ratio is drawn with discharge for different heights of weir. The figures show that (SSR%) increases slightly with the increasing of discharge. For the first slope (0.015), the increasing in discharge causes a little increase in flow velocity and the difference is converted into cross section flow area . Then the difference in (SRR%) for the two values of discharge ; 200 and 300 l/min, is slightly small, the value of discharge of 300 l/min is suitable to give considerable (SRR%) for all weir heights. The same trend of variation of (SRR%) with discharge is observed in Figures 8 and 9 , but the values of SRR decrease with the increase of the channel bed slope because the increase of bed slope leads to increase the flow velocity more than the cross sectional area of flow.
Conclusions:
Three variables were studied in this research which are the weir height, the slope of channel bed, and the discharge. Studying their effect on the efficiency removal of sediments leads to the following conclusions: 1-The sediment reduction ratio increases with the increase of weir height and reaches about (63%) at channel bed slope of (0.015) and weir height 1.5B (where B is the width of channel). 2-When the discharge is more than (100 l/min), the highest values of sediment reduction ratio are obtained for the three slopes used and at weir height (1.5B). 3-The value of discharge (300 l/min) is suitable to provide a considerable sediment reduction ratio for all weir heights. 
